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Introduction
The ability to treat bacterial infections with antibiotics is one of the major constituents in any basic health care system. [1] [2] [3] However, increased consumption of antibiotics, both through agriculture and health services is causing rapid proliferation of resistant bacteria. 3 Combined with reduced focus on development of novel antibiotics, has made antimicrobial resistance one of the fastest growing threats to human health. 2, 4 It is estimated that 700 000 people die each year due to events related to antimicrobial resistance. 3 Moreover, if resistance is allowed to develop without countermeasures, as many as 10 million people may die annually by the year 2050. This means that deaths related to antimicrobial resistance will surpass the number of deaths caused by cancer. 3 Some of the first antibiotics were natural products and many important antibiotics today are based on natural or semi-synthetic compounds. 5 Antimicrobial natural products are found in animals and plants, and have through evolution evolved in eukaryotes living in a world inhabited by potential pathogenic prokaryotes. The ability to prevent and overcome infections has always been important for survival. 6 Natural product antimicrobials therefore form an important starting platform when searching for novel antimicrobial scaffolds. One natural product class of particular interest is antimicrobial peptides (AMPs). 7 These are small peptides between 12-50 residues that take part in the primary immune response system of all living organisms. AMPs have an overall net positive charge (+2 to +9) and fold into amphiphilic secondary structures with one lipophilic face and one hydrophilic face. These amphiphilic secondary structures interact more or less selectively with bacterial cell membranes, and through various mechanisms of membrane disruption processes cause inhibition of growth or lysis of the bacteria. Several mechanisms of action are suggested for the membranolytic effect of AMPs and for an excellent review on the topic see Giuliani et al. 7 Even though AMPs are highly active against bacteria, there may be some drawbacks to their use as drugs. Most of these problems are related to poor pharmacokinetic properties, 8 such as low bioavailability, low metabolic stability and lack of patient-friendly administration routes. This, in addition to high manufacturing costs, makes AMPs less desirable for clinical development. There are however some AMP-based drugs in clinical use today, but they are usually based on topical use, since pharmacokinetic issues make them unfit for systemic use. 9 AMPs may however provide a starting point for investigations of smaller drugs with improved pharmacokinetic properties. It has been shown by the research group of Svendsen et al. that AMPlike oligopeptides consisting solely of arginine and tryptophan have similar antimicrobial activities as the native AMPs. 10 This work eventually led to the synthetic antimicrobial peptidomimetic LTX 109, which is currently undergoing clinical trials. Furthermore, the research group of Strøm et al. have synthesized a library of tri-functionalized β 2,2 -amino acid derivatives based on AMPs without compromising the activity against resistant bacteria. 11, 12 Assuming that these structures display membranolytic effects similar to that of AMPs, Strøm et al. also developed a library of antimicrobial aminobenzamide amphiphiles 13 (E23, Fig. 1 ) mimicking the structures of the antimicrobial marine antimicrobials synoxazolidinone A 14 and ianthelline. 15 Based on the pharmacophore model of small AMPs and marine peptide mimics we have created a library of 1,2,3-triazole amphiphiles based on the structural motifs shown in Fig. 1 . The nature of the lipophilic part and the rigidity at the hydrophilic cationic nitrogen functionalities were varied as shown in Fig. 2 . The initial library was followed by optimization of activity by a more focused set of compounds shown in Fig. 3 . The 1,2,3-triazole was chosen as a link between the lipophilic and hydrophilic side due to the simple synthesis 16, 17 and accessible starting materials. Furthermore, triazoles are bioisosteres of amide bonds and stable against proteolytic degradation.
18-20 The library Figure 1 . Synoxazolidone A 14 (methicillin-resistant S. aureus MIC: 10 µg/mL), ianthelline 15 (methicillin-resistant S. aureus MIC: 20 µg/mL), and E23: example of aminobenzamide peptidomimetic 13 based on marine natural products (methicillin-resistant S. aureus MIC: 4 µg/mL). presented in this publication was prepared in parallel to a similar library of amphiphiles based on 1,2,3-triazole phthalimides. 21 
Results and discussion

Synthesis of the initial library
The initial 19 compounds evaluated for antimicrobial activity in this study (Fig. 2) were prepared according to Scheme 1. The chosen core molecules for this library of amphiphilic amido 1,2,3-triazoles were the methyl 1,2,3-triazole carboxylates 3a-d. These carboxylates were obtained from copper catalyzed "click" chemistry between the organic azides 1a-d and methyl propiolate (2), using a method 22 based on the established procedures by Sharpless 16 and Meldal 17 as displayed in Scheme 1. The ester group on 3 was then amidated with either piperazine (n4: R 2 = H), N-methyl-piperazine (n5: R 2 = Me), 23 or ethylene diamine (EDA) (n6). 24 Preparation of the piperazine amides n4 and n5 were performed with stoichiometric NaOMe in addition to piperazine under dry conditions in order to give the desired amides n4 and n5 in sufficient to good yields (39-74%). The reactions with Nmethylpiperazine for preparation of n5 afforded lower yields than the synthesis of n4, and generally required substantially longer reaction times (63 -115 h for n5 compared to 24-68 h for n4). Several attempts at preparing n5d through this route failed, and 5d was eventually managed prepared through a reductive amination of formaldehyde in acetic acid from n4d. 25, 26 The amides n6a-d were obtained through addition of a large excess of EDA (typically 15 equiv) in MeOH and heating from room temperature to reflux. 24 The neutral (n) C-carbamoyl-1,2,3-triazole amines (n4, n5, and n6) were then turned into their corresponding HCl-salts 4, 5, and 6 using aqueous HCl in MeCN. The guanidinium salts (7 and 8) were prepared by reacting n4 and n6 with the electrophilic guanylation reagent 1H-pyrazole carboxamidine hydrochloride in refluxing MeCN. 27, 28 All structures of n4 and n6 Figure 2 . Compounds 4a-8d synthesized and evaluated for antimicrobial activity. Amphiphile 7c was not prepared, as discussed in the synthesis section. Counter ion: Cl -. t-Bu-benzyl group. The other lipophiles introduced in this initial library were an attempt to either reduce the amount of lipophilic bulk (4-t-Bu-benzyl, c) or change the structure of the lipophilic contribution with an aliphatic heptyl chain (a) or an adamantyl box-like structure (b). The heptyl chain (a) was also inspired by the successful use of alkyl chains in antimicrobial peptide mimics by Ghosh et al., 29 whereas introduction of the adamantyl group (b) was done to investigate the effects of increasing the three-dimensional bulk of the lipophile. However, this initial screening showed that the presence of an aromatic ring on the lipophile and a large lipophilic contribution was important for achieving antimicrobial activity. The differences in lipophilicity related to antimicrobial activity was supported by measuring C18-HPLC retention times (Rts), in which 4a-8a, 4b-8b, and 4c-8c all had Rts below 10 min, while the active amphiphiles 4d-8d had Rts of approx. 30 min (results shown in experimental section).
For the active amphiphiles, highest overall antimicrobial potency was observed for the guanidine derivative 8d with a guanylated EDA link. Both the guanylated piperazine 7d and the guanidine 8d showed higher antimicrobial activity than their corresponding piperazine 4d and EDA 6d derivatives, except against E. coli where the EDA 6d was most potent. The N-methyl-piperazine derivative 5d was inactive within the concentration range tested. The results indicated that having a piperazine group (4d and 5d) was less beneficial for antimicrobial activity compared to a cationic EDA group (6d), guanylated piperazine (7d), or guanylated EDA group (8d). However, the low activity of the Nmethyl-piperazine derivative 5d could also be attributed to increased steric hindrance around the cationic nitrogen. In conclusion, highest antimicrobial activity was observed for the amphiphile 8d prepared with the 3,5-t-Bu-benzyl group (d), the ethylene diamine chain (EDA) and a cationic guanidine hydrochloride group.
Design and synthesis of a focused library based on 8d
The cationic amphiphile 8d was the most potent structure of all the amphiphiles shown in Fig. 2 and active against all five bacteria tested (Table 1) . However, the MIC-values for 8d were somewhat disappointing as the level of activity was not close to that of the reference antibiotic gentamicin. Thus, a more focused library based on 8d was prepared. Several changes to the structure of 8d were included in the synthesis of the optimized structures 9e-11g shown in Fig 3. In all amphiphiles except 11d, the benzylic methylene group on the lipophile was removed to give a more rigid system between the phenyl group and the 1,2,3-triazole ring. Repulsion between the ortho-protons of the phenyl group and the 1,2,3-triazole ring was thought to reduce rotational freedom and give the resulting molecules a "twisted" conformation. This kind of rigidification was also inspired by the aminobenzamides prepared by Strøm et al. (E23, Fig. 1 ). 13 The first resulting amphiphiles (9e-11e) all contained a 3,5-di-t-Bu-phenyl group instead of the 3,5-di-t-Bu-benzyl group in 8d.
The second improvement, was to introduce a linear ether chain instead of the 3,5-di-t-Bu-groups on the aromatic ring (9f-11f). The initial screening indicated that having a heptyl chain alone (4a-8a, Fig.  2 ) was not sufficient for achieving antimicrobial activity. However, an alkyl ether chain combined with a phenyl group might be beneficial for antimicrobial efficacy. Conclusively, a heptyl ether chain was introduced in the 4-position on the benzene ring giving 9f-11f. This was also based on the heptyl ether group providing comparable aliphatic contribution as two tert-Butyl groups and also differing marginally in molecular weight.
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The last change on the lipophilic side of 8d was to introduce an additional aromatic ring to increase the lipophilicity of the amphiphiles (9g-11g). The β 2,2 -amino acid derivatives prepared by Strøm et al 11, 12 all contained two aromatic lipophilic groups in order to mimic the functionality of two lipophilic amino acids (e.g. tryptophan). Thus, a 3,5-di-t-Bu-benzyl ether group was introduced in the 4-position of the benzene ring (9g-11g), analogously to the placement of the heptyl ether chain in 9f-11f.
At the cationic end an iminoguanidine group (11d-g) was introduced in addition to compounds with a primary EDA amine and guanidine functionality. The iminoguanidine functional group is reported to improve antimicrobial effects against resistant strains of Gram-positive bacteria such as methicillin-resistant S. aureus and vancomycin-resistant S. aureus. 30 The iminoguanidine group was also introduced in 8d and thereby resulting in the analogue 11d.
The amphiphiles 9e-g and 10e-g were obtained in two or three steps (21 -76%) from azides 1e-g and methyl propiolate (2) similarly to the synthesis of 6a-d and 8a-d as shown in Scheme 1. The azides 1e-g were prepared utilizing a copper catalyzed procedure by Zhu et al. 31 Compund 1e was prepared directly from commercially available 3,5-di-t-Bu-bromobenzene, whereas 1f-g were prepared with one extra step from iodophenol. Furthermore, the methyl ketone analogues of the methyl-1,2,3-triazole carboxylates 13d-g were prepared from 3-butynone (12) and the azides 1d-g. Compound 13d was prepared using the "click" chemistry conditions shown in Scheme 1, while 13e-g were obtained through a modified procedure 32 as shown in Scheme 2. DCM was added in addition to tBuOH and water to reduce the polarity of the solvent, which seemed to enhance the conversion. Also, the amount of added 3-butynone (12) was increased since it seemed to be unstable over time under the current reaction conditions. 
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The amphiphilic iminoguanidines 11d-g were attempted prepared from 13d-g and aminoguanidine hydrochloride according to a LiCl-catalyzed method presented by Seleem et al. 30 However, these conditions gave rather slow conversion of 13 to 11, and not even elevation of the temperature to 90 o C in a pressure tube for 51 h gave full conversion to 11d-g. In an attempt to furnish full conversion, catalytic amounts of LiCl was replaced with an excess of aqueous HCl 33 (6 equiv) . This improved the reaction considerably and gave full conversion of 13d to 11d within 22 h, with minimal formation of byproducts. However, when attempting the same conditions for synthesis of 11e-g, multiple additional signals appeared in the 1 H NMR spectra after workup, indicating formation of various unidentified byproducts. Iminoguanidines 11e-g were instead prepared through the LiCl-catalyzed procedure, which also provided easier purification using HPLC or crystallization. The final purification of 11e and 11f was achieved with preparative C18-HPLC while 11g was purified through crystallization (giving a poor isolated yield).
1 H NMR spectra of 11d-g and HPLC analysis displayed a mixture of two compounds, both of which were confirmed to have molecular weight corresponding to the wanted products after MS analysis of analytical HPLC elute. Thus, the final products of 11d-g were assumed to consist of a mixture of E-and Z-isomers of the imine. No separation was attempted and the antimicrobial evaluation was performed on the mixtures of 11d-g (1:9 -4:6 isomeric ratios as determined from 1 H NMR spectra of 11d-g).
Antimicrobial activity and cytotoxicity of the improved structures 9e-11g
All of the 10 amphiphiles in Fig. 3 (9e-11g) were tested for antimicrobial activity against the same panel of bacteria as the 19 initial compounds (Fig. 2) , in addition to investigation of inhibition of Staphylococcus epidermis biofilm formation. The amphiphiles were also tested for cytotoxic properties against human hepatic cells in the HepG2-assay in order to investigate the selectivity of the structures for bacteria. All the data from these assays are displayed in Table 2 .
Evaluation of antimicrobial activities of 9e-11g
Removal of the benzylic methylene group on the lipophile led immediately to an increase in antimicrobial activity, and the 3,5-di-t-Bu-phenyl derivatives 9e and 10e were 2-to 4-fold more potent against the five test bacteria than their previous 3,5-di-t-Bu-benzyl counterparts 6d and 8d. 
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Linking the 3,5-di-t-Bu-phenyl group directly to the 1,2,3-triazole in 9e-11e and restricting rotational freedom of the lipophile was thereby shown beneficial for antimicrobial activity. Improved antimicrobial activity by removing the benzylic methylene group was also seen for the iminoguanidines, in which 11e with a 3,5-di-t-Bu-phenyl was overall more potent than the more flexible 11d with a 3,5-di-t-Bu-benzyl group.
Introducing a heptyl ether chain together with the benzene ring in 9f-11f also improved antimicrobial activity compared to the previous inactive compounds 4a-8a with only a heptyl chain (Fig. 2) . This series of compounds showed that having an aromatic phenyl group as part of the lipophile together with the heptyl ether chain was clearly of importance for achieving high antimicrobial activity. Antimicrobial activity of the amine 9f and guanidine 10f with a 4-heptyloxyphenyl lipophile was also improved against certain test bacteria compared to the corresponding amine 9e and guanidine 10e with the 3,5-di-t-Bu-phenyl lipophile. The improvement in antimicrobial potency by changing lipophile was most obvious for 10f (4-heptyloxy-phenyl) compared to 10e (3,5-di-t-Bu-phenyl), where a two-fold increase in antimicrobial activity was observed for 10f against three strains of bacteria (S. aureus, E. coli, and P. aeruginosa). The improved activity of 10f against the Gram-negative bacteria was particularly fascinating since Gram-negative bacteria are considered as more difficult targets. 34 When comparing the amines 9e and 9f, introduction of the 4-heptyloxyphenyl-group in 9f gave a two-to four-fold increase in antimicrobial activity (4-16 µg/mL) against S. aureus, S. agalacticae, and P. aeruginosa compared to the 3,5-di-t-Bu-phenyl in 9e. However, we also observed reduced antimicrobial activity for 9f (4-heptyloxy-phenyl) against E. faecalis and E. coli (>64 µg/mL) compared to 9e (3,5-di-t-Bu-phenyl), showing strain variation against the present 
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amphiphiles. For the iminoguanidines a different tendency was observed, in which 11e (3,5-di-t-Buphenyl) was overall more potent than 11f (4-heptyloxy-phenyl) against all test bacteria.
Introduction of an additional phenyl group in addition to the 3,5-di-t-Bu benzyl group in 9g-11g improved the antimicrobial activity further, and especially against S. agalacticae. The most potent amphiphile (11g) displayed a MIC-value of 0.5 µg/mL, which was eight times lower than the MICvalue of gentamicin against S. agalacticae. The profound selectivity and high antimicrobial potency of 11g against S. agalacticae could be of interest for developing antibiotics for prevention of neonatal infections, since S. agalacticae is one of the leading causes of infections in newborns. 35 It should also be noted that 10g displayed high potency against the Gram-positive bacteria (4-16 µg/mL), but no activity against the Gram-negative strains. Compound 9g was highly potent against S. agalacticae (MIC 2 µg/mL), but displayed otherwise only antimicrobial activity against E. faecalis and P. aeruginosa (MIC 8-16 µg/mL).
The iminoguanidine group was the most efficient cationic group in the library, and resulting in 11d and 11e being the most potent amphiphiles with broad-spectrum activity and MIC-values ≤ 10 µg/mL against all five bacteria (only exception: 11e MIC 16 µg/mL against P. aeruginosa). The high potency of the iminoguanidine compounds was particularly pronounced for 11d, which had a 3,5-dit-Bu-benzyl lipophile as in 8d from the first series of compounds (Fig. 2) . The MIC-values of the iminoguanidine 11d were however 4-to 8-fold improved compared to the guanidine 8d. We also observed a 2-to 4-fold improvement in antimicrobial activity for iminoguanidine 11e compared to the corresponding guanidine 10e, except for against P. aeruginosa where they both had MIC-values of 16 µg/mL.
The amphiphiles 10e and 10f with a cationic guanidine group were in general more potent than the similar amine derivatives 9e and 9f. However, an exception to the superiority of the guanidines was observed for the amine 9g that was more potent than the guanidine 10g against the three strains E. faecalis, S. agalacticae, and P. aeruginosa. Against S. agalacticae the amine 9g was the second most potent compound prepared, displaying a MIC-value of 2 µg/mL.
Following the increased antimicrobial activity, the in vitro toxicity of the compounds also increased. The in vitro toxicity was determined against HepG2 cells and dose-response curves are shown in Fig.  4 . The EC 50 -values determined from the generated dose-response curves are shown in Table 2 . The selectivity index (SI) in Table 2 was furthermore calculated from the EC 50 -values against HepG2 cells divided by the MIC-value against S. agalacticae, and showed that the structures displayed rather poor selectivity with exception of 10e-g and 11g. The guanidines 10e-g were least toxic and the only amphiphiles displaying EC 50 -values against HepG2 above 16 µg/mL. The highest SI achieved for the 10 amphiphiles in Table 2 was 4.04 for 10g, meaning that the MIC-value against S. agalacticae was 4 times lower than the EC 50 -value against HepG2. The cytotoxicity was particularly pronounced for the Figure 4 . Anti-proliferative activities of 9e-11g against human hepatic cells (HepG2) after 24 h of incubation. Graphs were plotted using a fourvariable slope normalized nonlinear regression iminoguanidines 11d-g, where all amphiphiles displayed an EC 50 -value ≤ 2.6 µg/mL. The high toxicity may be attributed to the relatively high overall lipophilicity of the iminoguanidines 11d-g, as their calculated ClogD-values (pH = 7.40) 36 shown in Fig. 5 were generally higher than for the corresponding amines (9e-g) and guanidines (10e-g).
Greene et al. have reported that compounds with a ClogP exceeding 3 are more likely to be active against human cells in <10 µM concentrations. 37 Thus, the toxicity observed for 11d-g may be due to nonspecific toxic interactions arising from a too large lipophilic bulk. However, this does not completely explain why 11f (ClogD = 2.91) was among the most toxic compound of the series (EC 50 = 2.0 µg/mL). It was also observed that the guanidines 10e-g were notably less toxic than their amine 9e-g and iminoguanidine 11d-g counterparts. The guanidine group thereby remains the main cationic group of choice for future target compounds. The lowered toxicity of the guanidines 10e-g compared to the iminoguanidines 11d-g also corresponded well with the calculated ClogD-values shown in Fig. 5 .
Biofilm inhibiting activities of 9e-11g
The 10 amphiphiles in Fig. 3 were also investigated for biofilm inhibiting effects against S. epidermis, and the obtained MIC-values are shown in Table 2 . All of the amphiphiles displayed good biofilm inhibiting effects (2-8 µg/mL), with the exception of 9e (MIC >64 µg/mL). The compound displaying the highest activity for inhibition of biofilms was 10g with a MIC-value of 2 µg/mL. This was remarkable considering that 10g was among the least toxic amphiphiles tested with an EC 50 -value of 16.2 µg/mL against HepG2 cells. If the biofilm inhibition were due to general toxicity, one would expect the most toxic structures to display highest activity towards biofilm inhibition. Thus, the biofilm inhibition may arise from more specific inhibition mechanisms. However, as the amphiphiles have not been tested in an antimicrobial assay against S. epidermis, the observed values from biofilm inhibition assays may be caused by general antimicrobial properties and not specific biofilmtargeting mechanisms.
Conclusion
This study describes the synthesis of a library of 29 novel low molecular weight amphiphilic 1,2,3-triazoles. The library was prepared using the "click" chemistry products 3 and 13 as key intermediates, followed by functionalization leading to various cationic nitrogen hydrophiles, i. e. primary amines, tertiary amines, guanidines, and iminoguanidines. The 1,2,3-triazole amphiphiles were then assessed for antimicrobial activities against three Gram-positive and two Gram-negative bacteria, in addition to their ability to inhibit S. epidermis biofilm formation. The in vitro toxicities against human hepatic cells (HepG2) were also measured for the ten most active structures. The amphiphiles 10e and 10f displayed the most promising broad-spectrum antimicrobial activities, with MIC-values < 16 µg/mL against all five test bacteria. It should also be noted that the guanidine amphiphile 10g was shown to display selective activity against the Gram-positive bacteria and with MIC-values of 4-16 µg/mL. Furthermore, the amphiphiles with the iminoguanidine cationic group (11d-g) displayed increased potency compared to the corresponding guanidines (10e-g) in the antimicrobial assays, but this also led to enhanced toxicity in the HepG2-assay. The iminoguanidines 11d-g therefore gave lower bacterial selectivity (except for 11g against S. agalalcticae) compared to the guanidine amphiphiles 10e-g. The guanidine 10f was 2.5 times more potent against S. aureus than synoxazolidinone A whereas 10e was comparable to the marine natural product (8 µg/mL vs. 10 µg/mL). Furthermore, it was shown that structures functionalized with an additional phenyl ring displayed more selective activity, particularly against S. agalacticae. The overall most potent structure 11g against S. agalacticae -displayed a MIC-value of 0.5 µg/mL, which was 8 times lower than the reference antibiotic gentamicin. The presented structures also displayed promising activity towards biofilm inhibition, where 10g was the most potent compound against S. epidermis biofilm formation with a MIC-value of 2 µg/mL. Based on broad-spectrum activity against all five test strains and good antibiofilm activity, 10f was one of the most promising compounds prepared and with second lowest toxicity against HepG2 cells. Further studies on this type of amphiphilic 1,2,3-triazoles will revolve around further reducing HepG2 toxicity, whilst retaining a high antimicrobial activity.
Experimental
General information
Chemicals were purchased from Sigma Aldrich and used without further purification. All reactions sensitive to air or moisture were performed under nitrogen atmosphere with dried solvents and reagents. Melting points were determined on a Buchi 535 apparatus and are uncorrected. TLC was performed on Merck silica gel 60 F254 plates, using UV light at 312 nm and a 5% solution of molybdophosphoric acid in 96% EtOH for detection. Column chromatography was performed with Silica gel (pore size 60 A, 230 -400 mesh particle size) from Fluka. HPLC analyses were performed on an Agilent 1290 chromatograph equipped with a Zorbax Eclipse C18 5 µm (150 x 4.6 mm) column and a diode array detector (main detection region 214 nm 
1 H and 13 C NMR signals were assigned by 2D correlation techniques (COSY, HSQC, HMBC). IR spectra were recorded from a Thermo Nicolet FT-IR NEXUS instrument (only the strongest/structurally most important peaks are listed as either weak (w), medium (m) or strong (s) (cm -1 )). Accurate mass determination in positive and negative mode was performed on a "Synapt G2-S" Q-TOF instrument from Waters™. Samples were ionized by the use of ASAP probe (APCI) or ESI probe.
1-Azidoheptane (1a).
The title compound 1a was prepared according to a published procedure. 39, 40 A mixture of 1-bromoheptane (5.00 g, 27.9 mmol) and NaN 3 (2.72 g, 41.9 mmol) in DMF (50 mL) was heated to 50 o C for 19 hours. The suspension was then added DCM (80 mL) and washed with water (3 x 100 mL), before it was dried over MgSO 4 
1-(Azidomethyl)-4-(tert-butyl)benzene (1c).
The title compound 1c was prepared according to the procedure for 1a from 1-(bromomethyl)-4-(tert-butyl)benzene (3.00 g, 13.2 mmol), affording 1c as a yellow oil (2.08 g, 11.0 mmol, 83%).
1 H NMR analyses corresponded with previously reported spectra for 1c. 42 )-3,5-di-tert-butylbenzene (1d) . The title compound 1d was prepared according to the procedure for 1a from 1-(bromomethyl)-3,5-di-(tert-butyl)benzene (0.80 g, 2.82 mmol), affording 1d as a clear oil (0.620 g, 2.53 mmol, 90%).
1-(Azidomethyl
1 H NMR analyses corresponded with previously reported spectra for 1d. 43 
1-Azido-3,5-di-tert-butylbenzene (1e).
The title compound 1e was prepared according to a procedure described by Zhu et al. 31 Where 1-bromo-3,5-di-tert-butylbenzene (2.50 g, 9.30 mmol), CuI (0.177 g, 0.93 mmol), NaN 3 (1.21 g, 18.57 mmol), L-proline (0.321 g, 2.74 mmol) and NaOH (0.11 g, 2.79 mmol) were added to EtOH:H 2 O (7:3, 20 mL) and heated to 95 o C in a sealed tube for 23 hours. The reaction mixture was then added water (30 mL) and extracted with EtOAc (3 x 30 mL). Drying over MgSO 4 and evaporation under reduced pressure yielded a yellow oil, which then was purified using flash column chromatography (pentane), affording 1e as a colorless oil (0.725 g, 3.13 mmol, 34%).
1 H NMR spectra coincided with previously reported data. 
1-Azido-4-(heptyloxy)benzene (1f). The iodo-precursor (1-(heptyloxy)-4-iodobenzene) to 1f
was prepared using 4-iodophenol (2.00 g, 9.09 mmol), heptyl bromide (1.57 mL, 10.00 mmol), and K 2 CO 3 (1.62 g, 11.7 mmol) in DMF (12 mL) at rt, as reported by Ban et al 45 in 69% yield (1.99 g, 6.24 mmol). The spectra coincided with previously reported data. 46 This aromatic iodide was turned into its corresponding azide (1f) using a procedure described by Zhu et al. 31 Where 1-(Heptyloxy)-4-iodobenzene (1.50 g, 4.71 mmol), CuI (0.09 g, 0.47 mmol), NaN 3 (0.37 g, 5.66 mmol), L-proline (0.11 g, 0.94 mmol) and NaOH (0.04 g, 0.94 mmol) were added to DMSO (10 mL) and heated to 60 o C in a sealed tube for 14 hours. After which the mixture was added water (35 mL), extracted with EtOAc (3 x 40 mL), and dried over MgSO 4 . Evaporation under reduced pressure yielded a brown oil, which then was purified using flash column chromatography (pentane), affording 1f as a yellow oil (0.856 g, 3.67 mmol, 78% 
1-((4-Azidophenoxy)methyl)-3,5-di-tert-butylbenzene (1g).
The iodo-precursor (1,3-di-tertbutyl-5-((4-iodophenoxy)methyl)benzene) to 1g was prepared according to the procedure described for the iodo-precursor of 1f, using 4-iodophenol (1.00 g, 4.55 mmol), 1-(bromomethyl)-3,5-di-t-Bubenzene (1.17 g, 4.13 mmol), and K 2 CO 3 (0.74 g, 5.37 mmol). 45 This afforded 1,3-di-tert-butyl-5-((4-iodophenoxy)methyl)benzene as a white solid (1.55 g, 3.67 mmol, 89%, mp 147. 33 (s, 18H, 2x  tBu) . 13 . The title compound 3a was prepared according to a general procedure described by Shao et al. 22 Where a suspension of methyl propiolate (2) 1-(adamantan-1-yl)-1H-1,2,3-triazole-4-carboxylate (3b) . The title compound 3b was prepared according to Method A from 2 (0.14 mL, 1.61 mmol) and azidoadamantane (0.30 g, 1.69 mmol), affording 3b as a lightly yellow solid (0.231 g, 0.88 mmol, 55%, mp 110.1 -111. 1-(4-(tert-butyl)benzyl)-1H-1,2,3-triazole-4-carboxylate (3c) . The title compound 3c was prepared according to Method A from 2 (0.571 g, 6.79 mmol) and 1c (1.50 g, 7.13 mmol), affording 3c as a light blue solid (1.23 g, 4.50 mmol, 66%).
Methyl
1 H NMR analyses corresponded with previously reported spectra for 3c. 47 1-(3,5-di-tert-butylbenzyl)-1H-1,2,3-triazole-4-carboxylate (3d) . The title compound 3d was prepared according to Method A from 2 (0.294 g, 3.49 mmol) and 1d (1.00 g, 3.67 mmol), affording 3d as a white solid (0.818 g, 2.48 mmol, 71%, mp 172.8 -174. 1-(3,5-di-tert-butylphenyl)-1H-1,2,3-triazole-4-carboxylate (3e) 38 (s, 18H, 2x t-Bu) . 13 Methyl 1-(4-(heptyloxy)phenyl)-1H-1,2,3-triazole-4-carboxylate (3f) . The title compound 3f was prepared according to the procedure described for 3e using 2 (0.119 g, 1.41 mmol) and 1f (0.30 g, 1.29 mmol), affording 3f as an off-white solid (0.341 g, 1.07 mmol, 84%, mp 120.1 -121. 
Methyl 1-(4-((3,5-di-tert-butylbenzyl)oxy)phenyl)-1H-1,2,3-triazole-4-carboxylate (3g).
The title compound 3g was prepared according to the procedure described for 3e using 2 (53 mg, 0.63 mmol) and 1g (0.20 g, 0.57 mmol), followed by purification with flash column chromatography (DCM -10% EtOAc in DCM). Affording 3g as a white solid (0.227 g, 0.54 mmol, 95%, mp 199.3 -201. 
1-(1-(3,5-Di-tert-butylbenzyl)-1H-1,2,3-triazol-4-yl)ethan-1-one (13d).
The title compound 13d was prepared according to the procedure described for 3e using 3-butynone (12) (1-(3,5-di-tert-butylphenyl)-1H-1,2,3-triazol-4-yl)ethan-1-one (13e) . The title compound 13e was prepared according to a published procedure, 32 where a suspension of 3-butynone (12) (68 mg, 1.00 mmol), CuSO 4 x 5H 2 O (17 µL, 1 M in H 2 O, 5 mol %), sodium ascorbate (17 µL mL, 2 M in H 2 O, 10 mol %) and benzoic acid (3 mg, 10 mol %) in H 2 O/t-BuOH/DCM (1.5 mL, 1:1:1) was added 1e (77 mg, 0.33 mmol) and stirred for 45 hours at room temperature (with addition of additional 2 eq of 12 after 6 hours). The reaction mixture was then added H 2 O (10 mL) and extracted with DCM (3x 15 mL), before the organic phase was dried over MgSO 4 (1-(4-(Heptyloxy)phenyl)-1H-1,2,3-triazol-4-yl)ethan-1-one (13f) 
1-
1-(1-(4-((3,5-Di-tert-butylbenzyl)oxy)phenyl)-1H-1,2,3-triazol-4-yl)ethan-1-one (13g)
.
Method C, Piperazine amidation reactions: synthesis of (1-heptyl-1H-1,2,3-triazol-4-yl)(piperazin-1-yl)methanone (n4a) and 4-(1-heptyl-1H-1,2,3-triazole-4-carbonyl)piperazin-1-ium chloride (4a).
The title compound n4a was prepared according to a general procedure described by Oshima et al. 23 with some modifications. Where a suspension of 3a (0.30 g, 1.33 mmol), piperazine (0.344 g, 3.99 mmol), NaOMe (0.07 g, 1.33 mmol), mol. sieves (0.5 -1.0 g, activated, 4 Å) and MeOH (6 mL) was stirred under N 2 -atmosphere for 43 hours. After completed stirring, the reaction mixture was evaporated and dissolved in DCM before it was filtered through celite. Subsequent purification with flash column chromatography (SiO 2 pre-deactivated with 1% TEA in eluent, eluent: CHCl 3 . The free amine n4a was then turned into its HCl-salt, by mixing n4a (40 mg, 0.14 mmol) in MeCN (3 mL) and adding HCl (0.1 mL, 1.22 mmol, 37%, aq.). The suspension was evaporated, washed with MeCN (3 x 1 mL) and dried, affording 4a as a white solid (27 mg ). 32 (s, 18H, 2x t-Bu) . 13 (1-(4-(tert-Butyl)benzyl)-1H-1,2,3-triazol-4-yl)(4-methylpiperazin-1-yl)methanone (n5c) and  4-(1-(4-(tert-butyl)benzyl)-1H-1,2,3-triazole-4-carbonyl)-1-methylpiperazin-1-ium chloride (5c) . The title compound n5c was prepared according to Method C from 3c (0.15 g, 0.55 mmol) and 1-methylpiperazine (0. 25, 26 where n4d (50 mg, 0.13 mmol), formaldehyde (0.20 mL, 37% aq, 2.69 mmol) and formic acid (0.10 mL, 96% aq, 2.50 mmol) were refluxed in MeCN (2 mL) for 1.5 hours. After cooling to room temperature, HCl (0.25 mL, 3.04 mmol, 37%, aq.) was added and the reaction mixture was evaporated. The crude was then crystallized from DCM and Et 2 O, affording 5d as a white solid (46 mg, 0.11 mmol, 81%, mp 150. 4 N-(2-aminoethyl)-1-heptyl-1H-1,2,3-triazole-4-carboxamide (n6a) and 2-(1-heptyl-1H-1,2,3-triazole-4-carboxamido) ethan-1-aminium chloride (6a). The title compound n6a was prepared using a general procedure described by Davis et al, 24 where 3a (0.15 g, 0.67 mmol) and ethylene diamine (0.67 mL, 10 mmol) was heated to reflux in MeOH (3 mL) for 17 hours. Evaporation of volatiles afforded n6a as a light green solid (0.170 g, 0.67 mmol, quant. 3 .49 (q, 2H, J = 6.0 Hz, CH 2 ), 2.92 (t, 2H, J = 5.7 Hz, CH 2 ), 1.31 (s, 9H, t-Bu). The free amine n6c was turned into its HCl-salt by adding HCl (0.75 mL, 9.12 mmol, 37%, aq) to n6c (75 mg, 0.25 mmol) in i-PrOH (5 mL). The evaporated crude salt was then crystallized in DCM and washed with MeCN (3 x 2 mL) and DCM (3 x 2 mL) and dried, affording 6c as a white solid (50 mg, 0.15 mmol, 59 %, mp 218.0 -220. 
(1-(Adamantan-1-yl)-1H-1,2,3-triazol-4-yl)(piperazin-1-yl)methanone (n4b) and 4-(1-(adamantan-1-yl)-1H-1,2,3-triazole-4-carbonyl)piperazin-1-ium chloride (4b
(1-(4-(tert-Butyl)benzyl)-1H-1,2,3-triazol-4-yl)(piperazin-1-yl)methanone (n4c) and 4-(1-(4-(tert-butyl)benzyl)-1H-1,2,3-triazole-4-carbonyl)piperazin-1-ium chloride (4c). The title compound
Method D, Ethylene diamine amidation reactions: synthesis of
Amino(4-(1-heptyl-1H-1,2,3-triazole-4-carbonyl)piperazin-1-yl)methaniminium chloride (7a).
The title compound 7a was prepared according to a general and modified 28 procedure by Bernatowicz. 27 Where n4a (0.10 g, 0.36 mmol) and 1H-pyrazole carboxamidine hydrochloride (50 mg, 0.34 mmol) were refluxed in MeCN (5 mL) for 3.5 hours. Then, the reaction mixture was cooled down, and the formed precipitate was filtered off and washed with MeCN and DCM. The crude was then recrystallized twice in MeCN and dried, affording 7a as white crystals (51 mg, 0.14 mmol, 42%, mp 170.7 -173. 1-(Adamantan-1-yl)-1H-1,2,3-triazole-4-carbonyl) piperazin-1-yl)(amino)methaniminium chloride (7b). The title compound 7b was prepared according to a procedure described by Bernatowicz et al. 27 Where n4b (25 mg, 0.08 mmol) and 1H-pyrazole carboxamidine hydrochloride (12 mg, 0.08 mmol) were stirred in DMF (2 mL) for 97 hours at room temperature. The crude product was precipitated from the mixture with Et 2 O and filtered. The crude precipitate was crystallized from MeOH and Et 2 O and washed with DCM (3 x 2 mL) before it was dried, affording 7b as a white solid (20 mg (1-(3,5-di-tert-butylbenzyl)-1H-1,2,3-triazole-4-carbonyl) piperazin-1-yl)methaniminium chloride (7d). The title compound 7d was prepared according to the conditions described for 7a from n4d (0.05 g, 0.13 mmol) and 1H-pyrazole carboxamidine hydrochloride (19 mg, 0.128 mmol), with 22 hours reflux. Filtration of the cooled reaction mixture and washing the precipitate with MeCN (3 x 3 mL), DCM (3 x 2 mL) and Et 2 O (3 x 5 mL) followed by drying, afforded 7d as a white solid ( (1-(4-(tert-butyl)benzyl)-1H-1,2,3 -triazole-4-carboxamido)ethyl)amino)methaniminium chloride (8c). The title compound 8c was prepared according to the conditions described for 7a from n6c (0.073 g, 0.24 mmol) and 1H-pyrazole carboxamidine hydrochloride (34 mg, 0.23 mmol), where filtration of the cooled reaction mixture and careful washing with MeCN (3 x 2 mL) afforded 8c as a red solid (60 mg, 0. 16 ((2-(1-(3,5-di-tert-butylbenzyl)-1H-1,2,3-triazole-4-carboxamido) N-(2-Aminoethyl)-1-(4-(heptyloxy)phenyl)-1H-1,2,3-triazole-4-carboxamide (n9f) and 2-(1-(4-(heptyloxy)phenyl)-1H-1,2,3-triazole-4-carboxamido)ethan-1-aminium chloride (9f) . The title compound n9f was prepared according to Method D from 3f (0.10 g, 0.32 mmol) and ethylene diamine (0.28 g, 4.73 mmol), with 20 hours at reflux. Re-evaporation of the crude from DCM afforded n9f as a white solid (0.100 g, 0.29 mmol, 92%). 
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